M.Araki and T.Saito, Dept. Anat., Jichi Med. Sch., Tochigi, Japan. Cell culture techniques have been successfully utilized in studies on cell differentiation or cell physiology, and histochemical approaches are appreciated to be useful tools for these studies. In the present study, enzyme histochemistry of acetylcholinesterase (AChE) and alkaline phosphatase (ALPase) activity was carried out on the culture of the developing nervous tissues of the chick embryo. Neural retinals or optic lobes were isolated and singly dissociated with EDTA and trypsin. They were inoculated into collagen-coated culture dish and cultured with Eagle's MEM supplemented with fetal calf serum, Cultures were fixed with 1% glutaraldehyde in 0.1M cacodylate buffer (pH7.3) for 5-20 min at 4°C, and washed with the same buffer containing 2% sucrose. Cytochemical reaction was done in situ by the copper ferrocianide method (Karnovsf cy and Roots) and the lead citrate method (Mayahara et al.,) for AChE and ALPase respectively. Cultured retinal cells consisted of two types: One is flat epithelial type, and the other is round type, which formed cell aggregates on the epithelial sheet. The ultracytochemistry revealed that AChE reaction was found only in aggregates, while the flat cell had intense ALPase activity with the character of glial cells. Moreover, AChE reaction was confined in some of the neurons and neuropils in cultures which had close resemblance to the intact AChE localization. These observations were basically the same in the culture of the optic lobe. Thus, enzyme histochemistry are helpful for the understanding of cultured neural cells.
Marker Enzymes in Membrane Differentiation.
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Membrane differentiations in retinal cells were ultracytochemically studied utilizing marker enzymes.
Glucose-6-phosphatase, thiamine pyrophosphatase, and acid phosphatase, are good marker enzymes of the endoplasmic reticulum, the Golgi apparatus, and the lysosome, respectively. The ultrastructural visualization of these enzymes on rat retina, represented the dynamic changes occurred in each organelle during the process of light mediated daily phagocytosis of rod outer segments by pigment epithelium.
Ultracytochemical demonstration of alkaline phosphatase, acetylcholinesterase, 5'-nucleotidase, adenylate cyclase, guanylate cyclase, and phosphodiesterase, were localized on the plasma membranes of retinal cells.
The plasma membrane of the apical processes of pigment epithelium was positive by adenylate cyclase. The plasma membranes of neuropil in inner and outer plexiform layer were positive by acetylcholinesterase. Phosphodiesterase activity was on the disk membranes of rod outer segment.
5'-Nucleotidase activity was clearly positive only on the plasma membrane of the visual cells, showing the rod cells remarkably distinguishing from other cells in rat neural retina.
In case of 5'-nucleotidase, which acted not only as a marker of the plasma membrane, but also acted as powerful marker of the visual cell itself.
On the other cell components, 5'-nucleotidase was negative on the plasma membranes. The sharp difference demonstrated on the plasma membrane by the membrane enzymes in constituent cells might indicate the existence of great functional differences.
The findings of the marker enzyme to visualze certain cell types, could provide a good tool to identify the specific cell types during embryonic development or in vitro experiment. The purpose of this workshop was to introduce the participant in the use of protease histochemistry using fluorescence techniques as applied to tissues and cells. The methodology used 4-methoxy-2-naphthylamine derivatives of oligopeptides and nitrosalicylaldehyde in a simultaneous coupling reaction and was illustrated for the lysosomal proteases, cathepsin B and H-like enzymes and dipeptidyl peptidases I and II in skeletal muscle, nerves, liver, and colon biopsies and in fibroblasts and myoblasts in cell culture. Examples of artifacts such as crystal formation and extracellular reaction product and methodological pitfalls including heavy metal contamination of buffers were presented along with suggestions as to their control. Finally, the potential for application in diagnosis was discussed and illustrated for neoplastic cells in the colon and human muscle biopsies using cathepsin B histochemistry. In the rat salivary glands, alkaline phosphatase(A1Pase) activity localizes in the plasma membranes of the acinar and myoepithelialcells. A marked change in the mode of enzyme distribution is recognized during pre-and postnatal development of submandibular gland, therefore the activity can be used as a tool to analyze the differentiation of varing cell types. During 16-19 days in utero, AlPase localizes in the plasma membranes of most cells that compose the terminal cell clusters. As the formation of lumen proceeds to, the localization of AlPase become restricted to luminal surface, and baso-lateral regions are devoid of the activity. However, gradual decrease of the luminal activity is recognized during 1 week after birth. As early as 1 day post partum, a new cell that exhibits AlPase activity appears at the junction of terminal tubule and intercalated duct, and this cell maturates into the myoepithelial cell. In the fully developed gland, the cells of acinus and intercalated duct show AlPase activity only in the plasma membrane that are close contact with the myoepithelial cell. Although functional significance of AlPase has not yet been well characterized, the result displays an aspect of topographical differentiation of the plasma membranes during morphogenesis.
WORKSHOP 4 ABSTRACTS
5'-nucleotidase(AMPase) activity localizes in the luminal surface of the acinar and ductal cells, but not in internal structures. After the secretory stimulation with isoproterenol, internalization of excess plasma membranes that are produced by the fusion with secretory granules takes place, and AMPase activity appears in the endocytosed vacuoles and secondary lysosomes. The result indicates that secretory process involves a renewal of not only secretory granular but also plasma membranes. AMPase activity can be used as a histochemical marker of the membrane kinetics during secretory process. The successful use of synthetic substrates for the visualization of proteinases by electron microscopy is dependent upon the properties of the enzyme studied: it's expected subcellular site of localization, substrate specificity, pH optimum, activator requirements, and sensitivity to fixation. Careful procedural design is critical: 1) Pre-incubation conditions-Fixation with buffered 1.5-2.0% glutaraldehyde or 1% glutaraldehyde-1% paraformaldehyde has proven useful. Length of fixation will vary depending on the capability of the enzyme to survive alkylation. Vibratome or cryotat sectioned material or free cell preparations are preferable to minced tissues due to penatration. Pre-incubation in the enzyme (activator) buffer is recommended. 2) Incubation conditions-Optimal substrate and activator concentrations must be established and conpatibility of the latter with the leaving group of the synthetic substrate determined. Greatest success has been achieved with peptide dervatives of 4-methoxy-2-naphthylamine (MBA) and thiobenzyl ester.
3) Post-incubation conditions-Thorough washing followed by post-fixation in aqueous alkaline 2% osmium (pH 7.8-8) is required with MBA substrates and embeddment in low viscosity resins. 4) Controls-Substrates for which the proteinase being studied has no activity are preferable. Routine substrate-free and substrate-inhibitor controls can be meaningful but caution should be exercised. The former should always contain activators when appropriate and the concentration of inhibitor in the latter should be substantially higher than used in biochemical assay because of interference by fixed structural proteins of the cell and the presence of other enzyme species with affinity for certain inhibitors.
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